Dry eye is a common condition with symptoms that can considerably impact patients\' quality of life.^[@R1],[@R2]^ It is perceived to be as distressing as chest pain^[@R3],[@R4]^ and imposes considerable health care (U.S. \$0.27 million to U.S. \$1.1 million per 1,000 persons annually)^[@R5]^ and productivity costs.^[@R2],[@R6]^ These costs are especially pronounced in Asia, where there is a high prevalence and severity of dry eye.^[@R7],[@R8]^

Meibomian gland dysfunction (MGD) is a major cause of dry eye that affects 46.2% to 69.3% of Asians and 3.5% to 19.9% of whites.^[@R9],[@R10]^ A chronic abnormality of the meibomian glands in the eyelids, MGD, affects tear film stability^[@R11]^ and can cause eye discomfort.^[@R12]^ As a result, it is believed to lead to faster tear evaporation and poorer visual function, exposing the cornea and conjunctiva to more damage.^[@R13]^ Recent opinion, however, suggests that its role may be more accurately described as assisting in tear film spreading^[@R14]^ rather than retarding evaporation.

The cornerstone therapy for MGD is the use of warm compresses.^[@R15]^ Various forms of eyelid-warming therapy have been shown to improve patients\' symptoms^[@R16]--[@R20]^ and tear film stability,^[@R16]--[@R21]^ slow down tear evaporation,^[@R20],[@R21]^ and reduce ocular surface damage.^[@R18],[@R22]^ For more severe MGD, other treatments, such as antibiotics and anti-inflammatory cyclosporin A, are prescribed in addition to warm compresses.^[@R15]^

The recommended regimen for warm compresses is daily treatment.^[@R15]^ However, clinical experience suggests that many patients cannot sustain routine warm compresses for an extended duration of time. Poor patient compliance is further complicated by difficulty in delivering therapeutic range of temperatures to the meibomian glands. To improve patient compliance, more convenient treatment modalities are necessary.

Several eyelid-warming devices have been developed recently with features that improve convenience and deliver heat at safe, calibrated temperatures.^[@R17],[@R19],[@R23]^ Yet, little evidence exists on the efficacy of these devices, especially in their long-term use. Most studies^[@R18],[@R19],[@R21]--[@R23]^ lacked control groups for comparison, were short term (up to 3 weeks), or had just one application of lid warming. Among them, only two studies^[@R22],[@R23]^ reported effects in healthy participants.

Currently, there are no data about the benefit of lid warming in patients with a baseline of significant meibomian gland loss. In clinical practice, evaluation of the pretreatment meibographic status may be needed to exclude patients with significant glandular loss from lid warming because they may be unresponsive to treatment, as it is believed that loss is a result of gland atrophy and these glands do not regenerate. As a practical consideration, outcomes of heat treatment for patients with different baseline meibographic status need to be compared.

LipiFlow (TearScience Inc., Morrisville, NC) thermal pulsation, which provides heat and mechanical stimulation to inner eyelids, has been used in clinical settings to treat the blocked meibomian glands. This is a new promising treatment that uses heat to unblock glandular plugging by increasing the temperature of meibomian glands in patients with MGD from the inner surface of the eyelid.

A single LipiFlow treatment has been demonstrated to be efficacious in patients with MGD.^[@R19],[@R24]--[@R26]^ In randomized controlled trials (RCTs) conducted in the United States,^[@R19]^ Germany,^[@R24]^ and France,^[@R25]^ patients with MGD who received a 12-min treatment showed significantly improved tear film breakup time and dry eye symptoms. In the U.S. RCT,^[@R19]^ these effects were sustained at even 12 months after treatment in a subgroup of white patients.^[@R27]^ As existing trials have only been conducted for Western populations, there is no published report on the efficacy, safety, and convenience of LipiFlow treatment in an Asian population. As the prevalence of MGD is high in Asia (46.2%--69.3% in Asian studies) compared with the West (3.5%--19.9% in western studies),^[@R9],[@R10]^ the severity of the disease may also be greater in the former ethnic group; thus, it cannot be assumed that equivalent efficacies are achieved in both populations.

To address this issue, we conducted an interventional study of thermal pulsation compared to conventional warm compresses in patients with MGD in Singapore.

METHODS {#s1}
=======

Overview of Study Design {#s1-1}
------------------------

This is a 3-month single-institution trial comparing two eyelid warming methods in patients with MGD. The study has been approved by the SingHealth Centralised Institutional Review Board and adhered to the Tenets of the Declaration of Helsinki. The study was registered at the [clinicaltrials.gov](http://clinicaltrials.gov) database (NCT01683318).

Allocation to treatment groups was not randomized (Fig. [1](#F1){ref-type="fig"}). Recruitments for the thermal pulsation (intervention) group and warm compresses (control) group were commenced at different times, but the evaluation periods greatly overlapped, and the participants were recruited from the same clinic by the same study team under similar recruitment criteria. Nonrandomization was due to a delivery delay of the LipiFlow thermal pulsation machine, together with the LipiView ocular surface interferometer and standardized force meibomian gland evaluator (Details in Supplemental Digital Content 1, <http://links.lww.com/ICL/A32>).

![Flowchart showing enrollment and outcomes. The number of participants in the study who were eventually analyzed for the one-month and three-month outcomes is shown in the flowchart. Thermal pulsation group (n=24) was compared to warm compresses group (n=22).](ecl-42-339-g001){#F1}

Participants {#s1-2}
------------

From February 2012 to March 2013, all patients with dry eye and MGD at the Singapore National Eye Centre dry eye clinic who met the eligibility criteria were briefed about this study and invited for screening. Meibomian gland dysfunction is diagnosed as the presence of dry eye symptoms with visible meibomian gland plugging on examination (exact recruitment criteria shown below). Eligible participants were then enrolled with written informed consent.

Inclusion criteria were the following:At least one of eight dry eye symptoms (Supplemental Digital Content 2, <http://links.lww.com/ICL/A33>---questionnaire modified after Schein et al.^[@R28],[@R29]^) was experienced "often" or "all the time"At least one meibomian gland opening with a visible plugging over the eyelid margin^[@R30]^No ocular pathology requiring treatment other than eye lubricant and conventional eyelid hygiene within the last month and during the studyBaseline irritation symptom of more than 0 millimeter as reported on the modified Symptom Assessment in Dry Eye (SANDE) visual analog scale (Supplemental Digital Content 3, <http://links.lww.com/ICL/A34>---in addition to irritation symptom, the modified version also assessed blurring of vision and light sensitivity^[@R31],[@R32]^).

The exclusion criteria were the following:Known diagnosis of thyroid dysfunction and rheumatoid arthritis and ocular surgery within the previous 6 monthsLaser-assisted in situ keratomileusis within the previous yearCentral nervous system and hormonal drugs required within the last month and during the studyActive ocular infection or presence of pterygiumAny need to wear contact lens during the studyAny need to use antibiotics, steroid, and anti-inflammatory drugs such as RestasisHaving another household member who also participated in this study.

Baseline Data {#s1-3}
-------------

For the purpose of characterizing the study population and evaluating treatment efficacy, participants were evaluated for their baseline characteristics before intervention. Dry eye symptoms, namely, irritation, visual blurring, and photophobia, were each assessed for their frequency and severity using two visual analog scales as previously described in a modified SANDE questionnaire.^[@R29]^ A global score was calculated for each symptom by taking the square root of the product of the two scales. For outcome evaluation, only the irritation global score (the only attribute assessed by the original SANDE questionnaire^[@R31]^) was used. The modified questionnaire of Schein et al.^[@R28],[@R29]^ described under the inclusion criteria was only used for screening of eligibility, not for the assessment of study endpoints.

Objective clinical signs, namely, tear breakup time (TBUT), fluorescein corneal staining, and Schirmer I test, were also documented at baseline in both control and thermal pulsation groups.

Tear breakup time was performed as in previous studies.^[@R29],[@R33]^ A wetted fluorescein (1 mg) strip (Fluoret Fluorescein Sodium Ophthalmic Strip; Laboratoire Chauvin, Aubenas, France) was introduced to the inferior palpebral conjunctiva to stain the ocular surface.^[@R33]^ Three readings were taken for each eye, and the average TBUT was calculated.

Corneal fluorescein staining was graded using the previously published Cornea and Contact Lens Research Unit (CCLRU) scheme.^[@R34]^ Each of the five corneal zones was scored between 0 (no staining/scarring) to 4 (severe staining). The components of corneal staining, namely, type, depth, and extent, were assessed individually, and the grade of staining for each eye was determined using the component with the most severe grade. The presence of clinically relevant staining in each corneal zone was taken as a CCLRU staining grade of 1.0 or greater.

The Schirmer I test without anesthesia was performed with 5-mm wide Schirmer Tear Test strips (4701001; Clement Clarke International, Harlow, Essex, United Kingdom) as described earlier.^[@R35]^ The length of wetting after 5 min was measured from the notch of the strip.^[@R30]^

The meibomian gland morphology was also evaluated using noncontact infrared meibography equipment modified from Topcon slit lamp SL-D7 (Topcon Corporation, Tokyo, Japan)^[@R32]^ and was graded as healthy, intermediate, or unhealthy based on the amount of glandular loss and glandular characteristics (Supplemental Digital Content 4, <http://links.lww.com/ICL/A35>---grading of meibomian gland).^[@R32]^ Two trained optometrists graded each image independently, and in the case of a disagreement, a third investigator was involved in determining the grade.

As part of the exploratory outcomes in this study, the baseline tear lipid layer thickness (LLT) and the number of glands expressing liquid secretion were measured with the LipiView ocular surface interferometer (TearScience Inc., Morrisville, NC)^[@R36]^ and the standardized force meibomian gland evaluator (TearScience Inc.). Using a standardized force meibomian gland evaluator (TearScience Inc.), the number of glands yielding liquid secretion was counted in the lower lid under slit-lamp microscopy. The number of plugged glands was also counted in both upper and lower lids under slit-lamp microscopy. These meibomian gland secretion variables were only assessed in the thermal pulsation group.

Interventions {#s1-4}
-------------

In the thermal pulsation group, on the first visit, participants underwent a single 12-min treatment session of LipiFlow thermal pulsation after instillation of topical local anesthetic as instructed by the manufacturer. In the control group, participants received a towel on the first visit and were instructed to use it for twice daily warm compresses lasting 10 min per session. They were instructed to warm the towel in warm water before placing it over closed eyes and to rewarm it once it cools. Patients in both intervention groups were asked to do lid hygiene, which consisted of daily manual lid massage and lid cleaning with Blephagel (Spectrum Théa Pharmaceuticals Limited, Fernbank House, Cheshire, United Kingdom). Warm compresses (in the warm compresses group) and lid hygiene (in both groups) were performed for the entire study duration (12 weeks).

To monitor treatment compliance, participants from both groups were given a diary to record details of eye lubricant use, lid hygiene with Blephagel, and warm compresses (the latter two for control group only).

Outcomes {#s1-5}
--------

Participants were assessed before treatment (baseline) and also 4 weeks and 12 weeks after the start of treatment. At week 4, SANDE symptom score and TBUT were evaluated, whereas at week 12, SANDE symptom score, TBUT, and Schirmer I test were evaluated. The primary outcome measure was the SANDE global score for irritation symptom one month after treatment. As a secondary outcome, irritation score changes after treatment over the period of 12 weeks were evaluated.

The other secondary outcome measures were (1) the change in the TBUT and (2) Schirmer I test results after treatment over the period of 12 weeks.

The exploratory outcomes, namely, (1) LLT, (2) number of meibomian glands yielding liquid secretion, and (3) number of plugged meibomian glands, were evaluated at week 4 and week 12 in the thermal pulsation group only.

Safety was assessed through a prespecified safety outcome measure (best-corrected spectacle visual acuity \[VA\] changes after 3 months of treatment). The best-corrected spectacle VA was tested at 4 meters using a distance VA number test (cat. no. C 102; Lighthouse International, New York, NY). The test tool was presented in Snellen format and then converted to the corresponding logMAR equivalent for statistical analysis. A smaller logMAR value represents better vision. At all visits, other safety outcomes were documented if present, including signs of ocular and periocular irritations or other complaints.

Sample Size Calculation {#s1-6}
-----------------------

We endeavored to detect a 20% difference in the primary outcome of improved global symptom score between thermal pulsation and control groups. Based on an online calculator, 21 participants in each study arm were required for 80% power and a two-sided significance level of 5%. We aimed to recruit 25 participants per arm to allow for 4 cases of lost to follow-up or withdrawals per arm.

Statistical Analyses {#s1-7}
--------------------

Data were checked for normality with the skewness and kurtosis test to determine the appropriate parametric or nonparametric tests. To test for differences among groups for baseline characteristics and the various outcomes, we used the relevant chi-square test, independent *t* test, two-sample *t* test, and Wilcoxon rank-sum test.

Linear mixed model analyses were conducted to analyze the repeated measures taken at baseline, 4 weeks, and 12 weeks after treatment. A fixed effect model was used to compare the thermal pulsation and control groups using compound, autoregressive (AR(1)), and unstructured variance--covariance structures to select the best model fit using information criterion (based on the smallest Akaike information criterion \[AIC\] and Bayesian information criterion \[BIC\] values). The AIC and BIC are measures of the relative quality of a model compared to other models for a particular data set, and the AIC/BIC values are a trade-off between the goodness-of-fit and complexity (number of terms) of the model.^[@R37]^ Interaction terms, along with age and sex adjustments, were also modeled. Bonferroni correction was applied for multiple comparisons.

In subgroup analysis focusing on the thermal pulsation group, we evaluated the TBUT, Schirmer test results, LLT, and number of glands with liquid secretion at the two time points (weeks 4 and 12) stratified by baseline meibographic status.

Statistically significant difference was defined as an alpha of 0.05. All analyses were performed with SPSS, version 21 (SPSS Inc., Chicago, IL).

RESULTS {#s2}
=======

Baseline Characteristics of Participants {#s2-1}
----------------------------------------

Twenty-five patients were recruited into the thermal pulsation group, and 25 patients were recruited into the warm compresses group. Four participants were lost to follow-up as shown in Figure [1](#F1){ref-type="fig"}. The study population was 56.2 (mean) ± 11.7 (SD) years, 24.5% male (12 participants), and 89.1% Chinese (41 participants) (Table [1](#T1){ref-type="table"}). This was similar to the previously reported profile of patients from the dry eye clinic at the Singapore National Eye Center.^[@R35]^ We present only the data for the right eye (baseline TBUT, Schirmer I test, LLT, and number of glands with liquid secretion were not significantly different from the left and right eyes \[*P*\>0.05\]).

###### 

Baseline Characteristics of Clinical Trial

![](ecl-42-339-g002)

As both groups were recruited at different time points, the baseline characteristics of their participants were checked for any significant differences (Table [1](#T1){ref-type="table"}). In the superior and inferior corneal zones, the presence of fluorescein staining was significantly more common in the control group than in the thermal pulsation group. All other baseline characteristics were not significantly different between both groups.

Symptom Assessment {#s2-2}
------------------

The SANDE irritation global score was significantly reduced at 4 weeks from baseline for both groups (Fig. [2](#F2){ref-type="fig"}A). However, there was no significant difference between both groups at 4 weeks (*P*=0.30) (Table [2](#T2){ref-type="table"}).

![Primary (A) and secondary (B--C) outcome measures at various time intervals after the initiation of treatment. Heights of bars indicate mean values, and error bars indicate ±1 SD. \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001.](ecl-42-339-g003){#F2}

###### 

Relative Change in Symptom Score, TBUT, and Schirmer

![](ecl-42-339-g004)

Based on a linear mixed model with an AR(1) structure (AIC: 1137; BIC: 1142) adjusted for age and sex, irritation score significantly improved over the 12 weeks (*P*\<0.01), whereas the difference in score improvement was not significantly different between treatment groups (*P*=0.22). There was no significant interaction between treatment group and time (*P*=0.79).

Assessment of Clinical Signs of Dry Eye {#s2-3}
---------------------------------------

At 4 weeks, TBUT significantly improved from baseline (*P*=0.015) on the whole. When the treatment groups were examined (Fig. [2](#F2){ref-type="fig"}B---showing absolute values of TBUT), TBUT significantly increased from baseline in subjects who received thermal pulsation (*P*=0.048), but it was not significantly changed in the warm compresses group (*P*=0.14). However, the difference between both groups at 4 weeks was not statistically significant (*P*=0.66) (Table [2](#T2){ref-type="table"}---showing relative change in TBUT over time). At week 12, TBUT changes in both groups were not statistically significant from baseline.

For the change in TBUT, a mixed model with an unstructured structure (AIC: 627; BIC: 645) was used and adjusted for age and sex. There was a significant trend of TBUT improvement over the 12 weeks (*P*=0.035) with no significant difference between treatment groups (*P*=0.88). At week 4, TBUT modestly improved by 1.10 sec (95% CI: 0.11--2.10), whereas at week 12, the improvement in TBUT was not significantly different from baseline (mean difference: 1.03; 95% CI: −0.29 to 2.36). Age was also found to be significantly associated with TBUT (0.028 sec decrease in TBUT for every year older, *P*=0.043) in the mixed model. There was no significant interaction between treatment group and time or between treatment group and age (*P*\>0.05).

For the Schirmer test (Fig. [2](#F2){ref-type="fig"}C), the control group had a significant change of −3.95 mm (95% CI: −7.16 to −0.75; *P*=0.018), whereas the thermal pulsation group had a nonsignificant improvement of 1.00 mm (mean difference \[mm\]: 1.00; 95% CI: −3.03 to 5.03; *P*=0.612) at week 12.

Meibomian Gland Secretion Variables (Exploratory Outcomes) {#s2-4}
----------------------------------------------------------

The meibomian gland secretion variables were only assessed in the thermal pulsation group. For the change in the number of plugged meibomian glands (Fig. [3](#F3){ref-type="fig"}A), a mixed model with a compound structure (AIC: 302; BIC: 307) was used and adjusted for age and sex. Over the 12 weeks, there was a significant and decreasing trend in the number of plugged meibomian glands (*P*\<0.01) in the thermal pulsation group.

![Meibomian gland secretion variables (exploratory outcomes) in the thermal pulsation group (A--C) at various intervals after the initiation of treatment. Dots represent median values, and error bars indicate minimum and maximum (A--B). Heights of bars represent mean values, and error bars indicate ±1 SD (C). \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001.](ecl-42-339-g005){#F3}

For the number of glands with liquid secretion in the patients treated with thermal pulsation (Fig. [3](#F3){ref-type="fig"}B), a mixed model with an unstructured structure (AIC: 341; BIC: 354) showed that there was a significant increase over the 12 weeks (*P*\<0.01) in the number of glands with liquid secretions, and age was also significantly associated with a smaller number of glands (*P*=0.005), but there was no significant interaction between age and time (*P*\>0.05).

Lipid layer thickness (Fig. [3](#F3){ref-type="fig"}C) did not significantly change over time in the thermal pulsation group over the 12 weeks (*P*=0.088) in a mixed model with a compound structure (AIC: 589; BIC: 593).

Outcomes Stratified by Baseline Meibography {#s2-5}
-------------------------------------------

The irritation improvement was not different between the baseline meibography classifications (*P*=0.98) at 4 weeks and 12 weeks (*P*=0.98). At 4 weeks, TBUT (*P*=0.60), number of glands yielding liquid secretion (*P*=0.53), and LLT (*P*=0.90) outcomes were not different between patients with varying meibographic severities. At 12 weeks, TBUT (*P*=0.78) and Schirmer test (*P*=0.90), and number of glands yielding liquid secretion (*P*=0.30) and LLT (*P*=0.44) were not influenced. None of the patients who underwent thermal pulsation had total loss of meibomian glands before treatment.

In the thermal pulsation group, participants were stratified based on their baseline meibomian gland function (defined as number of meibomian glands with liquid secretion ≥5 or \<5) and analyzed for differences in the relative improvements in symptom score, TBUT, and Schirmer I score at 4 weeks. These treatment outcomes were not significantly different between both groups (*P*=0.60, 0.19, and 0.30, respectively, for between-group comparisons for symptom score, TBUT, and Schirmer I score).

Safety Outcomes {#s2-6}
---------------

Participants who received LipiFlow thermal pulsation all had transient redness in the eyes, and also mild puffiness of the eyelids, for a few minutes after treatment. Over the 12 weeks, there was no significant change in the best-corrected VA in either group (*P*\>0.05). There was also no report of unexpected adverse event either related or unrelated to the study treatment.

DISCUSSION {#s3}
==========

Our study found that a single session of LipiFlow thermal pulsation improved dry eye outcomes (irritation symptom and modest TBUT improvements) and was similar in efficacy as twice daily warm compresses over the 12 weeks. The improvements in symptoms and TBUT were not affected by the baseline meibographic status or meibomian gland function (assessed by the number of meibomian glands with liquid secretion). Both forms of treatments were found to be safe and well tolerated.

LipiFlow thermal pulsation is a relatively novel treatment option for patients with MGD. As such, there are limited data on its efficacy at the moment. When our study was conducted, there were only one 3-month noncontrolled trial^[@R26]^ and 1 multicenter controlled trial with crossover at 1 month^[@R19]^ conducted in the United States. In the latter trial, after crossing over, the participants were reassessed at 3 months^[@R19]^ and recruited for two longer duration follow-up studies.^[@R27],[@R38]^

During the course of our study, two 3-month RCTs, conducted by Finis et al. (2014)^[@R24]^ in Germany and Baumann et al. (2014)^[@R25]^ in France, respectively, have also been published. The study by Finis et al. compared the one-month and 3-month outcome of LipiFlow against conventional lid warming and massage, whereas the study by Baumann et al. compared the 3-month outcome of LipiFlow against a commercial lid warming eye mask (MeiboPatch). These studies found that participants of both groups experienced symptomatic improvement at 1 month, and the effect was sustained up to a period of 3 months.^[@R24],[@R25]^ In our study, we found a similar trend of symptomatic improvement at 1 month with sustained effect at 3 months in both groups. In addition, the study by Finis et al. showed that symptomatic improvement, measured with the Ocular Surface Disease Index, was significantly greater in the LipiFlow group than the conventional lid warming group at one and 3 months. In our study, symptomatic improvement tended to be greater in the thermal pulsation group, although this difference was not statistically significant.

In terms of the thermal pulsation group alone, all aforementioned trials and this study showed a significant posttreatment improvement in symptoms at 1 month, which was sustained at 3 months.^[@R19],[@R24],[@R25],[@R38]^

In terms of objective clinical signs, after thermal pulsation treatment, although TBUT was significantly improved, similar to the findings of most previous trials,^[@R19],[@R25],[@R38]^ it should be noted that the increase in TBUT in our study was modest and may not be clinically significant. The U.S. multicenter RCT also demonstrated an increase in TBUT of 1.9 sec at 1 month.^[@R19]^ In the study by Finis et al.,^[@R24]^ the improvement in TBUT at 1 month was significant but not sustained to three months.

With respect to our exploratory outcomes, the number of meibomian glands yielding liquid secretion improved at 1 month in our study and in all previous studies.^[@R19],[@R24],[@R25],[@R38]^ However, the median number of meibomian glands yielding liquid secretion only increased by 2 to 3 across the follow-up period and may not be clinically significant. We did not assess this in the warm compresses group. The magnitude of increase was much higher in the U.S. noncontrolled trial (by a mean of 5.4 at 1 month).^[@R26]^

The improvement in symptoms and meibomian gland function may be attributed to the novel design of the LipiFlow device. The advantages of thermal pulsation may be its use of the right temperature and site of heating, as heat is applied from both inner and outer surfaces of the eyelids, and the mechanical massage of glands helps relieve obstruction. Further mechanistic findings after lid warming/thermal pulsation, that is, tear evaporation rates and lipid changes related to this trial, will be published separately.

The main strength of our study was the high follow-up rates on reassessment of participants. Furthermore, we included parameters such as the number of plugged glands in the upper and lower eyelids, which have not been reported previously. The use of a recording diary also reinforced adherence to intervention and aided monitoring of treatment compliance. Standardized force expression of meibomian gland is not routinely assessed in most ophthalmology clinics; thus, symptom assessment, which is more commonly used by eye practitioners, was used as the main outcome of this study.

The limitations of this study were nonrandomization of interventions, nonblinding of assessors and participants, and lack of meibomian gland secretion evaluation in the control group (Supplemental Digital Content 1, <http://links.lww.com/ICL/A32>---describing late delivery of LipiFlow and evaluation equipment). Given the lack of randomization, there is a potential bias in the patient selection in this study. As participants could not be masked to the type of treatment, it is possible that their perception of symptom severity or frequency was affected by this knowledge. Nevertheless, these issues are of greater concern had the study results show a significant difference between groups, which is not the case.

A clinical implication of this study is that evaluation of MGD should consider the severity of inflammation and fibrosis, and not just glandular obstruction. Appropriate treatment for inflammation and fibrosis should be provided in combination with lid warming.^[@R39],[@R40]^ Another implication is that regardless of the amount of meibomian glands (provided that there is no total loss), treatment with lid warming will still be effective.

In MGD treatment, sustained long-term improvement in symptoms and tear function is desired. It was suggested that a retreatment strategy with thermal pulsation, scheduled at 9 to 12 months after the first session, might sustain both symptomatic and objective tear function improvements.^[@R27],[@R38]^ Studies using more than 1 thermal pulsation treatment may therefore be useful in the future.

Equipment and consumables for LipiFlow are overwhelmingly more expensive than lid warming. Nevertheless, as the effects of a single treatment may be sustained for months, thermal pulsation is more convenient to patients and may encourage better compliance as compared with daily lid warming. Therefore, future studies on long-term efficacy of LipiFlow and cost effectiveness of thermal pulsation treatment are necessary.

CONCLUSIONS {#s4}
===========

This trial demonstrated that in Asian patients, LipiFlow thermal pulsation had clinical efficacy in improving patient symptoms and produced modest increase in TBUT and meibomian gland function. In general, one session of thermal pulsation was comparable to three months of twice daily lid warming. In addition, the benefit from both forms of therapy may extend to cases with glandular loss, and if thermal pulsation is performed, there may be improvement in glandular function. However, affordability of thermal pulsation treatment will influence its degree of adoption in routine clinical practice.
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